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FOREWORD 

The  study  reported  herein  was  conducted  by  Battelle-Institut  e.V. 
(BleV) ,  Frankfurt  am  Main,  FRG ,  on  behalf  of  the  USAE  Waterways 
Experiment  Station,  CE,  Vicksburg,  Miss.  (WES) ,  under  a  contract 
from  the  US  Army  European  Research  Office,  London.  It  is  part  of 
joint  efforts  by  WES  and  BleV  to  evaluate  and  improve  the  re¬ 
liability  of  existing  terrain  data  acquisition  methods  (e.g.  /I/) 
at  WES. 

Under  the  current  research  contract  (DAJA  37-79-C-0242)  "Investi¬ 
gation  into  a  Methodology  of  Establishing  an  Areal  Terrain  Data 
Base",  BleV  published  a  report  subtitled  "Phase  II";  as  the  re¬ 
search  program  has  been  restructured  by  ERO  London,  this  report 
will  be  specified  as  report  No.  1,  while  the  study  reported  here¬ 
in  represents  report  No.  2.  Further  studies  will  be  numbered 
consecutively  as  report  No.  3,  etc. 

The  personnel  participating  in  the  vegetation  field  work  included 
P.  Jessl ,  W.  Koppel  and  H.V.  Wiinscher,  Automotive  Engineering 
Section  (BleV) .  Forest  inventory  and  stand  table  data  were 
acquired  and  reduced  by  P.  Jessl  and  W.  Koppel.  Dr.  Roding 
(Hessian  Institute  of  Forest  Management,  Giessen)  provided  the 
necessary  maps  and  information  on  forest  management  regimes.  The 
report  was  written  by  P.  Jessl  and  W.  Koppel.  K.-J.  Melzer  was 
the  principal  investigator. 
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ABSTRACT 


This  volume  contains  a  compilation  of  vegetation  field  data, 
statistical  stand  table  data  and  current  forestry  inventory  data 
for  a  selected  area  of  the  FRG  within  two  1  :  50,000  scale 
quadrangle  sheets  Lauterbach  (L  5  322)  and  Hiinfeld  (L  5324)  .  The 
data  were  used  for  assessing  the  applicability  of  existing 
vegetation  terrain  data  modeling  at  the  WES  and  necessary  improve¬ 
ments.  For  these  purposes,  the  four  dominant  German  forest  species 
(beech,  oak,  pine,  spruce)  were  investigated.  An  approach  was  made 
to  analyze  current  inventory  data  from  forestry  management  books 
for  selected  compartments,  modifying  stand  table  data  from  sta¬ 
tistical  data  sources  plus  investigating  some  selected  field  sites 
according  to  the  common  WES  vegetation  sampling  procedures. 
Finally,  a  first  evaluation  on  the  feasibility  of  aerial  photo 
interpretation  was  made  for  selected  species  found  in  West  German 
forests.  General  procedures  for  predicting  vegetation  character¬ 
istics  were  derived  for  the  species  investigated. 

'V- 

\ 

\ 

Key  words: 

Vegetation  terrain  data 
Mobility 

Terrain  modeling 
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PART  I:  INTRODUCTION 


Background 

A  major  condition  for  the  reliable  prediction  of  a  vehicle's 
mobility  operating  on  a  specific  terrain  is  sufficient  knowledge 
of  the  various  terrain  features  encountered.  Because  of  the  ex¬ 
tremely  high  cost  involved,  a  complete  ground  truth  data  collec¬ 
tion  for  mobility  assessment  is  not  feasible.  Therefore,  it  becomes 
necessary  to  develop  and  apply  methodologies  (e.g.  /I/)  which 
consider  derivation  of  terrain  data  from  existina  sources,  such 
as  topographic  maps,  land-use  maps,  soil  maps,  forestry  maps  and 
aerial  photographs.  WES  and  BleV  have  contributed  to  establishing 
and  improving  such  methodologies  through  various  efforts  and 
studies  /I,  2/.  Because  of  highly  developed  management  guidelines 
and  small  forest  compartment  sizes,  the  methodologies  used  in 
evaluating  forested  areas  of  the  US.  may  not  be  applicable  to  the 
evaluation  of  forested  areas  of  the  FRG . 


Purpose  and  Scope 

The  purpose  of  the  study  was  to  collect  basic  stand  table  data 
for  selected  species  in  the  FRG  and  establish  stem  size-spacing 
relationships  for  the  dominant  and  co-dominant  species  of  a 
selected  area.  It  had  been  intended  to  derive  a  vegetation  analysis 
of  FRG  forests  bv  reasonable  estimates  of  stem  size-spacing  on 
the  basis  of  data  on  species,  forest  height,  age,  tree  per  unit 
area  and  management  regime.  In  order  to  accomplish  these  tasks, 
detailed  information  on  forestry  management,  inventory  data  and 
stand  tables  plus  field  data  were  to  be  collected  for  a  selected 
area  (quad  sheets  L  5322,  L  5324)  in  the  Central  Highlands  of 
Hesse.  Ninety  forest  compartments  (units)  were  examined  from 
current  inventory  sources,  while  13  sites  were  sampled  out  of  these 
various  veaetation  structures  according  to  WES  standard  procedures 
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(Appendices  A  and  B) .  Aerial  photos  of  ten  compartments  were 
interpreted  to  allow  a  first  careful  assessment  of  the  feasibil¬ 
ity  and  effort  involved  in  describina  these  vegegation  terrain 
features . 
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PART  II:  SELECTION  OF  STUDY  AREA 

Area  Investiaated 


The  area  selected  for  investigation  was  located  within  the  two 
1  :  50,000  scale  quadrangle  sheets  L  5322  (Lauterbach)  and 
L  5324  (Hiinfeld)  in  the  north-eastern  part  of  the  HIMO-strip 
(Fig.  1)  within  the  Central  Highlands  of  Hesse. 


Forest  Ownership 

Within  the  state  of  Hesse  a  total  forested  area  of  886,000  hec¬ 
tares  (ha)  are  managed.  Of  these,  371,000  ha  are  state-owned, 
306,000  ha  corporationally-owned  (i.e.  municipal  forests)  while 
32,000  ha  belong  to  several  private  groups  (called  joint  owner¬ 
ship  forest)  and  177,000  ha  are  private  forests  (see  Fig.  2). 


Management  Scheme 


Management  is  organized  by  the  Ministry  of  Forestry  of  Hesse  and 
implemented  by  113  state  forestry  offices,  20  private  forestry 
administrations  and  4  private  forestry  offices.  Each  office 
manages  an  average  area  of  approximately  7,000  ha  which  is  then 
under  the  responsibility  of  about  7  district  offices  (see  Fig.  3) 
Assuming  an  average  compartment  size  of  5  ha  each,  one  district 
forestry  office  will  manage  about  200  different  units  of  vegeta¬ 
tion  (compartments).  From  such  offices  "Current  Forestry  Inventory 
Data"  were  obtained  for  the  study  reported  herein. 
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Species  Encountered 

Within  the  Lauterbach  and  Hunfeld  quad  sheets  approximately 
60  percent  and  35  percent,  respectively  are  forested.  This  makes 
about  50  percent  forested  area  for  both  quad  sheets.  Of  this, 

47  percent  is  under  state  ownership,  41  percent  private  forests 
and  12  percent  municipal  forests  (see  Fig.  4) .  Four  forestry 
offices  manage  about  80  percent  of  the  study  area  or  approximately 
5,600  compartments  (see  Fiq.  5).  Each  of  these  compartments  or 
units  has  some  particular  properties  with  respect  to  geological, 
topographical  and  soil  aspects. 

It  has  to  be  mentioned  here  that  forestry  authorities  assign  all 
associated  or  subspecies  to  the  four  dominant  species.  However, 
the  associated  species  constitute  approximately  less  than  5  per¬ 
cent  for  each  dominant  species,  which  does  not  call  for  separate 
recording.  Fig.  6  shows  the  dominant  and  associated  species  for 
West  Germany,  while  Fig.  7  depicts  the  distribution  of  species 
within  the  area  associated  with  each  of  the  dominant  species 
investigated . 

For  the  study  area  the  frequency  distribution  for  the  dominant 
species  is  shown  in  Fig.  8  and  for  the  entire  FRG  in  Fig.  9,  and 
is  tabulated  below. 


Species 

Frequency  (%)  of  Occurrence  for  the 

Entire  FRG 

Area  of  Investigation 
(L  5322/L  5324) 

oak 

7 

3.4 

beech 

23 

21.5 

spruce 

43 

21.5 

pine 

27 

53.6 
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The  tabulation  shows  that  the  distribution  of  pine  in  the  area 
investigated  is  about  twice  that  in  the  entire  FRG,  spruce  and 
oak  about  one-half  and  beech  about  equal. 


Bedrock  and  Surface  Soil  Types 

Four  types  of  bedrock  have  been  encountered  within  the  area  in¬ 
vestigated.  A  broad  qualitative  classification  is  shown  in 
Fig.  10.  These  rocks  make  up  approximately  80  percent  of  the 
total  area.  New  red  sandstone  covers  about  60  percent,  limestone 
20  percent,  basalt  10  percent  and  quartzite  rock  approximately 
10  percent  of  both  quad  sheets.  Basalt  peaks  occur  within  both 
limestone  and  sandstone  areas  (see  Appendix  C) .  The  surface 
composition  results  in  a  predominance  of  clayey  silts  (ML)  cover¬ 
ing  the  limestone,  while  sands  and  silty  sands  (SM)  are  found  on 
sandstone,  quartzite  and  basalt.  Clayey  silts  (ML)  are  superposed 
on  the  basalt  peaks  (see  Fig.  10  and  Appendix  D) . 

Regarding  the  bedrock  composition  and  related  tree  species  for 
both  quad  sheets,  some  major  associations  can  be  identified.  On 
the  Hiinfeld  quad  the  large  limestone  areas  are  favorable  for 
beech  trees  while  these  are  rather  rare  within  the  adjacent  western 
quad,  Lauterbach.  Red  sandstone  in  the  Lauterbach  quad  favors  the 
predominant  growth  nf  pines  and  spruces  (see  Figs.  11,  12,  10). 
These  relations  are  quite  remarkable  when  examining  the  areas  of 
the  Hiinfeld  and  Schlitz  forestry  offices. 

Limestone  and  basalt  covers  approximately  55  percent  and  red 
sandstone  45  percent  of  the  actual  area  for  the  Hiinfeld  office. 
Beech  and  pine  trees  occur  almost  equally  with  frequencies  of 
36.7  and  37  percent  (see  Fig.  13).  Typical  beech  stocking  also 
occurs  on  basalt  peaks  within  the  area. 

However,  most  of  the  area  managed  by  the  Schlitz  forestry  office 
is  red  sandstone  (96  %)  and  the  remaining  area  is  limestone  and 
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basalt  (4  %).  Consequently  pines  and  spruce  (54  %  and  24  %,  re-* 
spectively)  dominate  here,  while  beech  make  up  19  percent  and  oak 
3  percent  (Fig.  14). 
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PART  III:  STATISTICAL  VEGETATION  DATA 

Stem  Size-Spacing  Relations  for  Dominant  FRG  Forest  Species 

Literature  data  sources  which  are  useful  in  describing  average 
stem  size-spacing  relationships  for  the  dominant  German  forest 
species  -  oak,  beech,  pine  and  spruce  -  are  comprehensively  avail¬ 
able  in  / 3 / ,  including  additional  information  on  some  associated 
species.  This  data  source  is  called  "Statistical  Vegetation  Data" 
in  this  report. 


Stand  Tables 


The  tabulated  data  shown  in  / 3 /  were  the  main  constituent  of  stand 
tables  to  be  compiled  later  in  this  report.  These  data  were  first 
published  in  1912  and  are  the  result  of  long-term  observations  of 
testing  areas  for  the  various  species  of  interest.  They  are  con¬ 
tinuously  beinq  reexamined  and  corrected,  if  necessary,  by  the 
forestry  research  institutes  concerned.  They  are  the  only  reliable 
source  available  that  provides  average  growth  development  of 
forest  compartments  based  on  long-range  growth  observations.  Five 
characteristics  were  utilized  from  the  tables  in  the  investiga¬ 
tions  conducted.  Starting  with  an  age  of  20  to  30  years  up  to  the 
various  cutting  ages  with  a  5  years  time  increment,  and  for  a 
given  "locality  class"  and  "method  of  thinning",  values  for 

heights  (ft) 

stem  diameters  (in)  and 

minimum  stem  spacing  (ft) 

were  tabulated  for  each  species  (Tables  1,  2,  3,  4). 

As  all  data  within  these  tables  represent  average  values  (heights, 
stem  diameters,  spacing)  it  was  not  possible  to  make  direct  use 
of  these  data  for  establishing  stand  tables  showing  cumulative 
stem  size-spacing  relationships  for  given  height,  age  and  locality 
classes . 

*)  Minimum  stem-spacing  data  were  computed  by  )/ £  using 

number  of  stems  per  ha  from  the  original  tables. 
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L22§ii£¥_£i§§§§§  evaluate  the  general  growth  in  height  and  thick¬ 
ness  (stem  diameters)  of  the  trees.  They  are  not  defined  in  a 
quantitative  way  by  forestry  authorities.  Class  I  stands  for 
extremely  good,  class  VI  extremely  bad  growth  conditions.  Up  to 
six  locality  classes  are  given  for  the  various  species  investi¬ 
gated  . 


Me thods_of .thinning  are  split  into  moderate  and  heavy  thinning. 
Both  thinning  techniques  are  not  quantitatively  specified  within 
forestry  guidelines,  again.  However,  Schober's  tables / 3 /  indicate 
some  guidance  in  the  management  of  various  species  resulting  from 
long-term  experience  of  forest  experimental  institutes.  Generally 
thinning  may  improve  crrowth  of  best  trees  (positive  selection)  or 
remove  ill  ones  (negative  selection) .  Type s_of_th inning  may  be 
further  subdivided  into: 


low  thinning  (thinning  in  the  understory) 
high  thinning  (thinning  in  the  overstory) 
plenter  thinning 

Loy.thinning  aims  at  a  single-storied  stand  and  removes  all  re¬ 
tarded  trees. 

High.thinning  aims  at  an  even-aged  multy-storied  stand  by  retain¬ 
ing  the  majority  of  the  understory  for  soil  improvement  and  re¬ 
moving  overstory  trees  which  are  endangering  choice  trees. 

Ei§Qter_thinning  aims  at  a  constant  stem  diameter  by  removing 
oversize  trees  and  favoring  better  low-sized  stems.  Generally,  it 
results  in  an  even-sized  and  even-height  stand. 

Moderate  or  heavy_thinning  can  be  applied  to  all  locality  classes 
Heavy  thinning  generally  raises  the  average  stem  diameter  for  all 
species  (theoretically)  for  about  1  to  1.5  inches.  At  early  ages, 
heavy  thinning  procudes  stem  diameters  that  are  extremely  high  at 
the  cutting  age. 


B  V  I  I  M  II  I  \  s  I  I  I  l  I  I  \  IK\\KII  Kl  \  \1  MMN 


-11- 


PART  IV:  CURRENT  FORESTRY  INVENTORY  DATA 

Selection  of  Sites 


While  selecting  sites  of  interest  from  this  data  source  (obtained 
from  the  forestry  offices  of  the  study  area)  the  following  crite¬ 
rion  (which  represents  a  broad  variety)  was  applied:  dominant 
species,  age  and  composition  of  associated  species.  Forest  com¬ 
partments  were  chosen  for  ages  of  20-40,  40-70,  70-100  and 
100-150  years.  Data  from  these  sources  are  called  "Current  Forestry 
Inventory  Data"  in  this  report. 

Single  species  forests  are  rarely  found  in  Germany.  Within  the 
study  area,  working  criteria  were  set  up  with  a  dominance  limit 
of  75  percent  to  be  called  single  species  forest.  Mixed  forests 
are  characterized  by  a  mixture  of  species  where  the  dominant 
species  is  less  than  7 5  percent.  According  to  forestry  office 
information  the  following  mixed  forests  are  to  be  generally  en¬ 
countered  within  the  area  of  investigation: 

pines  with  beeches 

beeches  with  larches 

beeches  with  larches  and  pines 

beeches  with  larches,  pines  and  spruces 

The  above  sequence  of  species  also  defines  the  respective  magni¬ 
tudes  of  species'  shares  for  the  mix. 


Mixed  Stands 


The  German  forestry  authorities  distinguish  between  even-aged 
and  uneven -aged  mixed  stands  while  classifying  mixed  forests. 
Explanations  are  given  below  /4/. 
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The  even-aged  mixed  stands  are  split  into  mixes  of  several  species 
that  are  shade- tolerant  like  spruce-beech  in  Northern  Germany  and 
species  that  cannot  tolerate  shade,  i.e.  pine-oak,  pine-birch, 
and  mixes  of  the  two,  i.e.  spruce  and  beech  together  with  pine, 
oak  and  larch.  Slow  growing  species  that  do  not  tolerate  shade 
will  always  be  naturally  eliminated  by  shade-tolerant  trees. 

Mixed  stands  with  areal  mix  or  patch  mix  are  growing  just  like 
pure  stands.  However,  all  stands  are  not  only  dependent  on  their 
height  increments  but  also  on  site  factors  and  thinning  methods. 

The  uneven-aged  mixed  stand  can  increase  the  volume  yield  of  com¬ 
partments,  however  it  strongly  depends  on  favorable  site  condi¬ 
tions.  While  planning  such  a  mix  the  following  species  are  used 
as  under story:  beech,  spruce,  white  fir  and  larch.  The  growth  of 
these  is  mainly  influenced  by  lack  of  sunlight,  reduced  assimil¬ 
ation,  reduced  frost,  and  lack  of  nutrients  and  water.  Shade- 
tolerant  overstory  (beech,  spruce)  extremely  restrics  the  growth 
of  understory,  especially  stem  diameters  (see  photo  1).  Beech 
understory  in  pine  forests  is  mainly  to  improve  soil  conditions. 
Generally,  beech  and  spruce  are  the  most  important  constituents 
of  understorv  species  for  the  German  forests  associated  with  pine 
and  oak  as  overstory  trees. 


Forest  Office  Inventory  Data 

Each  forestry  office  maintains  a  management  book  which  contains 
detailed  information  for  each  compartment  of  the  office's  re¬ 
sponsibility.  Within  the  book,  compartment  data  are  stored  for 
the  entire  life  cycle  which  comprises  information  on  the  follow¬ 
ing  : 

function  (production  goals,  protective  goals) 
site  conditions  (altitude,  soil,  slope,  etc.) 
stand  (species,  understory,  silvicultural  needs) 
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planning  (loqqing  schedules,  limbing  etc.) 
executional  details  (see  Fig.  15  a/b) 

Data  for  our  purposes  were  mainly  selected  from  site  conditions 
and  stand  information  and  reduced  to  a  format  according  to 
Fig.  16.  Site  data  of  nutrient  supply,  slope,  water  economy  and 
canopy  closure  are  classified  by  the  forest  authorities  according 
to  Fig .  17. 

Data  were  taken  from  forestry  offices  at  Grebenau,  Schlitz,  Burg- 
haun  and  Hiinfeld.  These  offices  are  managing  approximately  80  per 
cent  of  the  total  forested  area  within  both  quad  sheets  (see 
Fig.  5).  According  to  most  recent  Hessian  forest  management 
procedures  each  office  has  to  record  compartment  data  in  a  stand¬ 
ardized  format  applying  ten-year  periods  for  recording  of  current 
statistical  chances.  Extracted  data  were  primarily  from  the  last 
recording  step  in  January  1  975.  However,  Hiinfeld  data  were  taken 
from  1962  records.  Ninety  sites  were  investigated  for  five  differ 
ent  forest  types  (4  dominant  tree  species  plus  mixed  forests) 
(Appendix  A).  Figs.  18  and  19  depict  the  location  of  the  sites. 


Testing  of  Statistical  Data  by  Current  Inventory  Data 

Generally,  stem  diameters  and  stem  spacing  were  not  recorded  in 
the  management  book.  Thus,  comparisons  were  based  on  age  and 
heiqht  of  the  dominant  species.  By  extracting  data  from  the  mana¬ 
gement  books  and  inserting  it  into  the  statistical  stand  table 
data  (Tables  1  to  4 )  comparisons  were  developed  for  each  of  the 
four  species  (oak,  beech,  pine  and  spruce).  For  that  purpose. 
Tables  1  to  4  were  converted  into  araphs  indicating  height  versus 
age  for  appropriate  locality  classes  and  thinning  intensities, 
then  adding  the  inventory  data  (see  Figs.  20,  21,  22  and  23)  for 
each  species.  Compared  to  the  statistical  stand  table  curves, 
current  inventory  data  fit  quite  well  within  the  boundaries  of 
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the  selected  statistical  curves.  It  can  be  concluded  that  the 
current  inventory  data  agree  with  the  statistical  stand  table  data 
by  species,  age,  height  and  locality  class.  Also,  this  applies  to 
mixed  stands,  when  considering  the  dominant  species  of  the  mix. 
Therefore,  each  boundary  curve  represents  a  true  average  relation 
for  each  of  the  locality  classes  and  thinning  techniques,  as  shown 
for  each  of  the  selected  forest  species. 

For  the  oak  compartments  investigated,  most  of  the  heights  showed 
lower  locality  class  values  (locality  classes  II  and  III,  i.e. 
growth  conditions  for  heights  and  average  stem  diameters  were 
comparatively  poor) ;  however,  these  results  fit  well  into  the 
given  relationships  (Fig.  20). 

The  majority  of  the  beech  sites  selected  also  indicated  poor 
locality  classes  (between  classes  II  and  III) .  For  ages  above 
100  years  the  heights  drop  remarkably  down  to  locality  class  III 
As  these  inventory  data  values  do  not  exhibit  poor  site  factors, 
this  indicates  decreasing  accuracy  for  the  table  data  when  reach¬ 
ing  high  ages  (Fig.  21). 

For  pine  trees,  heights  were  equally  scattered  across  the  given 
variations  (Fig.  22) . 

Finally,  spruce  trees  show  a  similar  behavior  as  pines  where 
heights  are  found  equally  scattered  across  the  given  band,  too 
(Fig.  23) . 
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PART  V:  FIELD  DATA  SAMPLING 


Selection  of  Sites  and  Data  Acquisition 

In  order  to  verify  the  usefulness  of  the  statistical  stand  table 
data  and  the  inventory  data  collected  by  the  forestry  management 
offices  for  describing  forested  areas  for  mobility  evaluation, 
it  was  felt  necessary  to  select  some  sample  sites  to  produce 
vegetation  field  data  using  the  WES  sampling  procedure  for  quanti¬ 
fying  vegetated  terrain.  These  were  compiled  in  order  to  allow 
assessment  of  some  typical  pure  stands.  Additional  veqetation  data 
are  available  from  other  terrain  data  investigations  of  WES  and 
BleV,  but  are  not  used  here.  For  this  evaluation,  13  sites  were 
selected  within  the  Lauterbach  and  Hunfeld  quad  sheets  (Fig.  24) . 
Sites  were  selected  based  on  dominant  species  and  a  range  in  age 
of  each  species,  to  sufficiently  allow  comparisons  between  statis¬ 
tical  and  current  forestry  inventory  data  and  the  field  data 
sampled  according  to  WES  procedures.  Sites  sampled  were  in  3  oak, 

2  beech,  2  spruce,  and  6  pine  compartments.  Vegetation  data  were 
recorded  according  to  the  WES  terrain  data  acquisition  procedures 
and  forwarded  to  WES  on  10  September  1979  (see  Appendix  B) . 


Comparison  of  Statistical  Stand  Tables, 

Current  Inventory  Data  and  Field  Data 

The  available  data  sources  were  used  in  the  following  manner:  in 
a  first  step,  the  minimum  stem  spacing  data  for  the  compartment 
sites  visited  (field  data)  were  plotted  for  each  species  in  a 
graph  depicting  minimum  spacing  versus  the  average  diameter  of  all 
stems  within  the  sample  (e.g.  Fig.  25). 

As  a  limit  within  these  graphs  the  statistical  stand  table  data 
/ 3 /  were  plotted  for  each  species  and  associated  locality  class 
for  both  methods  of  thinning  in  an  envelope  format  (e.g.  Fig.  25). 
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This  was  done  by  depicting  the  extreme  curves  -  the  best  class  I 
and  the  poorest  class  III  -  plus  the  end  point  of  class  II  and 
connecting  the  end  points  of  classes  I  and  III  together  with  end 
point  II.  Thus,  a  final  enveloped  area  is  obtained  which  will 
cover  all  statistical  data  values  for  the  particular  species  and 
method  of  thinning  applied.  These  results  are  shown  on  Figs.  25, 
26,  27,  28?  it  is  important  to  note  that  for  each  species  and 
thinning  method,  the  band  width  increases  with  increasing  growth 
and/or  age  because  the  decrease  in  trees  per  unit  area  decreases 
more  rapidly  for  the  better  locality  classes  than  for  the  poorer 
ones.  The  coniferous  trees  are  harvested  at  an  earlier  age  at 
which  time  their  average  diameter  and  minimum  spacing  is  less 
(or  trees  per  acre  is  greater)  than  in  the  case  of  the  deciduous 
trees  (Fig.  29,  30). 

Because  of  lacking  availability  (access)  of  pure  oak  sites  pure 
oak  stand  samples  were  limited  to  only  one.  The  other  samples 
shown  on  the  graph  (Fig.  25)  qualify  as  mixed  forest  which  ex¬ 
plains  their  greater  deviation  from  the  statistical  data  than  the 
one  pure  site.  Oaks  will  reach  the  biggest  stem  diameter  and 
spacing  per  unit  area  because  of  their  high  cutting  age  of  almost 
200  years. 

Regarding  beech ,  this  species  will  arrive  at  a  cutting  age  of 
150  years  and  an  average  spacing  of  20  percent  less  than  oaks 
(Fig.  26) .  Sites  3  and  5  fit  well  into  the  given  band. 

There  are  more  pines  found  in  the  study  area  than  any  other 
species.  Their  cutting  age  is  140  years.  Sites  16  and  86  correlate 
very  well  with  the  stand  table  data,  while  sites  14,  17,  20  and 
87  do  not  fit  with  the  bands  shown. 

Spruce  has  the  lowest  cutting  age  of  120  years.  Site  12  fits  into 
the  high  locality  class  band,  while  site  31  is  located  below  the 
given  band  width  (Fig.  28). 
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Consideruna  the  pure  averaae  characteristics  of  stand  table  data 
shown  and  the  format  needed  for  vegetation  terrain  data  as  input 
to  mobility  modelino  (i.e.  stem  spacinq  versus  stem  diameter  in  a 
cumulative  way  for  niven  acres,  sites  characteristics  and  heights) 
pure  stand  table  data  cannot  be  applied  for  the  purposes  required. 
The  same  applies  to  current  inventory  data,  where  stem  diameters 
and  stem  spacina  are  not  recorded  at  all. 

When  comparing  the  field  data  with  the  forest  inventory  data  and 
the  statistical  data  by  minimum  spacinq,  averaae  stem  diameter 
and  locality  class  it  can  be  concluded  that  for  oak,  one  sample  of 
pure  oak  is  not  sufficient  to  draw  a  conclusion.  For  beech,  the 
data  comoares  for  all  samples.  For  pine,  only  two  of  the  sites 
aqree  with  the  forestry  inventory  data  and  statistical  data.  Con- 
siderinq  spruce,  one  site  aarees  while  another  one  does  not 
(locality  class  was  not  identified  in  the  forestry  inventory  data). 

Thus,  a  combined  approach  using  statistical  stand  table  data, 
current  inventory  data  and  field  data  is  proposed  in  the  followina 
paragraphs . 


Vecretation  Analysis 


Veaetation  characteristics  should  aenerally  be  predicted  in  the 
following  wav: 

1.  If  possible,  determine  age  and  locality  classes  for  the  area 
of  interest  (i.e.  of  certain  compartments)  from  current_in- 
Y2D!;2EY_data_sources  (i.e.  forestry  manaoement  books  if 
available).  Otherwise  age  and  locality  class  have  to  be 
estimated  as  shown  below. 

2.  Determine  heierhts,  stem  sizes  and  stem  spacinos  for  the  area 
of  interest  in  the  field  according  to  the  WES  field  sampling 
procedures . 
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3.  Correlate  age,  locality  class,  height,  stem  size  and  stem 
spacing  derived  from  1.  and  2.  with  the  statistical_stand 

sources.  If  necessary,  carry  out  some  interpolation 
procedures  as  inventory  data  (i.e.  locality  classes)  do  not 
always  correspond  satisfactorily  with  field  data  anc.  asso¬ 
ciated  values  in  the  statistical  stand  table  data  sources. 

Considering  the  most  common  and  realistic  case  of  processing  pure 
vegetation  field  data,  the  procedure  will  be  accomplished  spe- 
cificallv  as  follows  (e.g.  for  oak  see  Tables  1.1-1. 3). 

a)  Stem  heights  H  and  diameters  D  are  determined  in  the  field 
accordina  to  the  WES  vegetation  sampling  methods.  Stem  dia¬ 
meters  which  are  sampled  in  each  of  the  26  diameter  classes 
(ranging  from  i  1"  to  100"  are  then  averaged  by  computina 


with  N  =  No.  of  trees  within  the  sample 

=  No.  of  trees  within  each  diameter  class 
D ^  =  Class  diameter  or  class  midpoint 
n  =  No.  of  diameter  classes 

b)  Enter  Table  1 . 1  with  heiaht  H  and  determine  a  suitable  age 
for  each  localitv  class  and  both  thinning  methods. 

c)  Enter  Table  1.2  with  average  diameter  and  read  off  a  suit¬ 
able  age  for  each  locality  class  and  both  thinnina  methods. 

d)  With  two  ages  available  for  each  locality  class  and  asso¬ 
ciated  thinnina  method  the  best  correspondina  ones  are  chosen 
from  (b)  and  (c)  and  averacred  to  age  A. 

e)  Takina  A  and  the  actual  height  H  the  final  locality  class  is 
now  read  off  from  Table  1.1,  again  by  interpolation. 
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The  procedure  may  be  extended  in  such  a  way  that,  additionally, 
from  field  samplina  activities  a  stem  spacinq  value  is  averaged 
as  SSM  for  the  entire  sample  area  and  processed  in  step  a) .  Thus 
step  c)  may  be  accomplished  in  accordance  with  Table  1.3  and  con 
firm  the  selected  locality  class  or  necessitate  some  reexamina¬ 
tion.  Finallv,  the  procedure  may  be  repeated  by  usino  SSM  and 
as  field  input  data. 

To  give  an  example  for  the  latter  case  of  processing  pure  vegeta 
tion  field  data,  site  No.  87  (pine  forest)  within  the  Grebenau 
forest  office  compartments  may  be  examined  in  the  followina  way 
(the  given  age  known  from  current  forestry  inventory  data  is 
omitted  for  demonstrat  incr  the  most  common  data  reduction  proce¬ 
dure,  if  age  is  not  available): 

a)  Stem  height  II  is  directly  determined  in  the  field  while 
average  diameter  is  developed  from  the  vegetation  field 
data  sheet  recorded. 

Both  values  are  H  =89' 

and  =  12.4"  (see  Appendix  B) 

(Da  =/l 2x4 2  +  1 2x52  +  8x7J  +  4x8J  +  4x9J  +  76x12.5* 

+  10x1 7. 7 5 2  +  6x25^  /  1 32  -  12.4") 

b)  Enterina  Table  3.1  with  H  =  90'  results  in  aae-locality  clas 
arrays  for  both  thinning  methods: 

Heavy  Thinning 


Locality  Class 

I 

II 

III 

iv  ! 

V 

Age 

90 

1  37 

>  140 

- 

- 

Moderate  Thinning 


Locality  Class 

I 

II 

III 

IV 

V 

Age 

95 

140 

>  140 

— 

- 

h  \  !  I  !  II  I  I  \  s  II  !  I  i  *  \ 


I  K  \  \  K  !  I  K  !  V  M  M  \  I  N 


20 


c)  Entering  Table  3.2  with  =  12.4”  will  yield  two  age-locality 
class  arrays  again: 


d)  The  best  corresponding  aaes  are  90  and  81.2  years  for  locality 
class  I  and  heavy  thinning  (slightly  better  than  locality 
class  I  for  moderate  thinning) .  Averaging  these  ages  produces 
A  =  85.9  years. 

e)  Taking  A  =  85.9  vears  and  H  =  90',  a  most  probable  locality 
class  slightly  better  than  I  for  heavy  thinning  can  be  read 
off  from  Table  3.1  by  interpolation:  85.9  years  yield  a 
height  of  88.1'  for  locality  class  I  (heavy  thinning). 


Extending  the  procedure  in  such  a  way  that  a  stem-spacing  field 

value  is  introduced  as  SS,,  the  followina  results  are  obtained: 

M 


a)  Minimum  stem  spacinn  SSM  for  all  trees  of  the  sample  area  is 


given  as  SS 


with  D  =  Sample  diameter 

N  =  No.  of  trees  within  the  sample 


=  17.4' 


b)  The  two  age-locality  class  arrays  for  H  =  90'  were  given 
(see  c)  as: 


!  ■;  \  i  i  t  i  :  i  i  \  s  i  i  m  i  i  \  i  i<  \  \  k  i  i  k  i  \  w  w  \  i  s 


Locality  Class 


Localit 


Age  183.6  \  97  |  110  1 1 3 1 .3  |  >1 4  0 1 

d)  The  best  corresponding  acres  are  83.6  and  95  years  for  locality 
class  I  and  moderate  thinnino  which  differs  by  thinning 
techniques  from  the  above  results  gained  by  stem  size  informa¬ 
tion  durincr  step  c)  .  An  average  acre  of  A  =  89.3  years  can  be 
chosen . 

e)  Takino  89.3  years  and  H  =  90',  a  most  probable  locality  class 
slightly  better  than  I  for  moderate  thinning  can  be  read  off 
from  Table  3.1  by  interpolation:  89.3  years  yield  a  height  of 
87.8'  for  locality  class  I  for  moderate  thinnincr. 


Finally  the  procedure  may  be  repeated  by  usino  minimum  stem 
spacing  SSM  and  average  stem  diameter  .  The  following  results 
are  obtained: 


H  \  I  1  I  I  II  I  S  s  II  I  1  I  I  \  I  R  \  \  K  I  l  R  1  \  M  M  \  I  \ 
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a)  Da  =  12.4" 

SS„  =  17.4' 

M 

b)  Entering  Table  3.2  with  =  12.4  "  yields  the  following  age- 
locality  class  arrays: 

Heavy  Thinning 


Locality  Class 

I 

II 

III 

IV 

V 

Age 

81  .2 

96.0 

116.3 

>140 

- 

Moderate  Thinning 


Locality  Class 

I 

II 

III 

IV 

V 

Age 

86 

103 

125 

>140 

- 

c)  Entering  Table  3.3  with  SSM  =  17.4’ results  in: 
Heavy  Thinning 


Locality  Class 

I 

II 

III 

IV 

V 

Age 

68.6 

80 

93.3 

1  1 1 

140 

Moderate  Thinning 


Locality  Class 

I 

II 

III 

IV 

V 

Aae 

83.6 

97 

110 

131.3 

>140 

d)  Best  corresponding  ages  are  86  and  83.6  years  for  locality 
class  I  and  moderate  thinning.  An  average  age  of  A  =  84.8 
years  may  be  chosen. 

e)  Takina  A  =  84.8  years  and  =  12.4",  a  most  probable  locality 
class  slightly  better  than  I  for  moderate  thinning  can  be 
read  off  from  Table  3.2  by  interpolation  :  84.8  years  yield 

a  diameter  of  12.3"  for  locality  class  I  (moderate  thinning). 


It  \  I  II  I  I  I  I  \  S  I  I  M  I  I  \  IK  \  \  U  I  Rl  \  M  M  I  N 
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Consistency  for  all  predicted  values  seems  to  be  quite  sufficient, 
especially  with  reaard  to  the  fact  that  the  site  of  investigation 
did  not  constitute  a  pure  pine  sample.  This  may  affect  the 
accuracy  of  the  results  derived  from  statistical  pine  stand 
tables . 

The  fact  that  different  thinning  techniques  have  been  predicted 
does  not  necessitate  a  reexamination  of  locality  class.  Moreover, 
as  current  forestry  inventory  data  indicate  locality  class  I  for 
that  site,  the  above  conclusions  are  confirmed.  Fig.  31  shows  the 
resulting  locality  classes  and  ages  for  all  13  sites  visited 
predicted  by  processing  field  data  on  heights  and  average  stem 
diameters,  heights  and  minimum  stem  spacinq  as  well  as  average 
stem  diameters  and  minimum  stem  spacing  in  the  way  shown  above. 

Predictions  confirm  that  integration  of  the  WES  sampling  proce¬ 
dure  is  most  adequate  and  a  requisite  for  determining  the  required 
characterstics  of  forest  species  (stem  spacing,  stem  diameter  and 
locality  class)  most  of  which  are  lackina  in  the  statistical  and 
current  inventory  data  bases. 


H  \  1  f  I  I  I  I  I  \  S  I  I  I  l  I  I  \  I  R  \  \  k  I  I  R  I  \  M  M  \  I  N 
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PART  VI:  AIR  PHOTO  EVALUATION 

Large-scale  acquisition  and  mapping  of  vegetation  terrain  data 
obviously  call  for  aerial  photo  interpretation  in  the  data 
compilation  process  as  this  will  ensure  cost  and  time  effective¬ 
ness.  Aerial  photo  evaluation  as  a  mapping  tool  can  be  extremely 
useful  if  combined  with  additional  data  sources,  such  as  soil, 
geological,  and  land-use  maps,  ground  truth  sampling,  etc. 

Even  1:25,000  scale  photos  (orthoquads)  will  allow  some  pre¬ 
liminary  forest  type  assessment.  1:12,000  scale  stereo  pairs  are 
of  course  most  suitable  for  evaluation.  As  an  example.  Figure  32 
and  Photo  2  show  the  preference  for  beech  stocking  on  limestone 
bedrock.  Fig.  32  shows  the  limestone  within  the  red  sandstone  area 
on  the  geological  map  of  Hesse  (see  also  Appendix  C)  while  Photo  2 
depicts  the  entire  beech  stocking  of  that  area  on  a  1:12,000  scale 
photo . 

v 

Adding  the  various  forestry  office  maps  of  a  1:25,000  scale, 
forest  compartments  and  forest  trails  are  easily  identified.  An 
interesting  data  source  in  the  Hessian  forest  offices  is  a  forest 
trail  network  map  which  will  allow  for  quick  decisions  on  which 
of  these  trails  are  trafficable  throughout  the  year  for  commercial 
trucks . 


Prediction  of  Parameters  for  Some  Sites  Selected 

Using  a  scanning  stereoscope  and  a  magnification  of  4.5  x,  various 
forest  compartments  were  evaluated  on  1 : 1 2 , 000-scale  stereo  pairs. 
Predictions  were  made  for  heights,  canopy  closure,  composition  and 
species.  For  the  Grebenau  forest  office  six  compartments  were 
examined  (see  Photograph  3) ,  while  four  compartments  were  chosen 
for  the  Burghaun  office  (Photograph  4) . 
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Inventory  data  were  reported  by  the  two  offices  later  and  are 
shown  on  Figs.  33  and  34.  Heiqht  information  were  not  recorded 
for  compartments  123a,  123b  and  119.  Predictions  for  species, 
composition,  heights  and  canopy  closure  are  listed  in  Figs.  33 
and  34. 

Distinction  between  deciduous  and  coniferous  trees  does  not  cause 
major  problems  if  the  dominant  species'  share  exceeds  about 
80  percent  of  the  compartment.  Generally,  deciduous  trees  appear 
considerably  brighter  in  tone.  In  the  case  of  mature  forests  with 
an  age  over  80  years  it  proved  to  be  rather  easy  to  identify 
species  after  examining  crown  shapes  -  especially  the  typical 
round  appearance  of  deciduous  species.  It  should  be  possible  to 
establish  some  translation  routines  for  obtaining  estimates  of 
stem-size  spacing  after  classifying  crown  diameters  and  heights 
for  each  compartment. 

For  younger  mixed  stands  (less  than  80  years)  it  was  rather 
difficult  to  identify  proportionate  species.  For  these  tone  dif¬ 
ferences  and  crown  shapes  are  not  very  distinct.  Unique  gray  tone 
restricted  reliable  predictions.  However,  height  and  canopy  closure 
were  easily  identified. 

Evaluation  of  Methodology 

Identification  of  species,  height  and  crown  diameter  coupled  with 
the  statistical  data  should  lead  to  an  acceptable  estimate  of 
stem-size  spacing.  When  this  has  been  accomplished,  air  photo 
evaluation  will  replace  field  sampling.  This  is  especially 
desirable  when  describing  vegetation  characterstics  for  large 
areas . 
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PART  VII:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


Vegetation  terrain  data  were  compiled  from  three  different 
sources:  statistical  stand  tables,  current  forestry  inventory 
books  and  field  measurements.  Considerinq  the  task  of  derivinq 
stem-size  spacinq  relationships  for  the  dominant  German  species, 
the  suitability  of  these  data  sources  have  been  investigated.  The 
ultimate  objective  of  quantifying  the  veqetation  in  terms  of  stem- 
size  spacinq  could  not  be  accomplished  because  data  were  not 
readily  available.  The  data  available  allowed  the  following  con¬ 
clusions  to  be  drawn: 

Current  inventory  data  did  well  agree  with  statistical  stand 
table  data  by  species,  age,  height  and  locality  class  for  both 
pure  and  mixed  stands.  A  combined  approach  usinq  statistical  stand 
table  data,  current  inventory  data  and  field  data  has  been  pro¬ 
posed  for  quantifying  vegetation  parameters.  Predictions  of 
locality  classes  and  aces  for  13  sites  showed  satisfactory  re¬ 
sults  when  applying  the  above  procedure.  Evaluation  of  air  photos 
for  ten  compartments  allowed  reliable  estimates  of  species,  height 
and  crown  diameter  which  should  enable  stem-size  spacing  assess¬ 
ment  if  combined  with  statistical  data. 


Recommendations 

Vegetation  field  data  on  file  at  the  WES  and  BleV  for  the  Central 
Highlands  of  Hesse,  the  Northern  Plains  and  Southern  Germany  should 
be  analyzed  assisted  by  air  photo  evaluation.  Although  all 
dominant  German  forest  species  are  within  the  investigated  area, 
there  is  a  basic  need  for  such  an  analysis  and  additional  vegeta¬ 
tion  terrain  data  sampling  (WES  standard  procedures)  within 
Northern  and  Southern  Germany.  Thus,  the  feasibility  of  the 


27 


proposed  procedure  for  classifying  large-scale  vegetation 
terrain  for  the  four  dominant  FRG  species  should  be  tested. 

During  these  efforts,  stem-size  spacing  relationships  will  be 
obtained  for  the  dominant  species  in  three  different  geographical 
areas.  After  having  identified  the  location  of  the  compartments 
using  forestry  maps  it  is  possible  to  complete  sample  site  data 
by  forestry  inventory  information  on  ages,  locality  classes, 
etc.  (Appendices  H-K) . 
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Dominant  Species 

Associated  or  Sub-Species 

Oak 

(querais  petraea) 

Fed  oak 

Beech 

(fagus,  silvatica) 

Water  beech,  ash,  maple, 
elm,  birch,  alder,  lime  tree, 
mountain  ash,  poplar, 

cherry  tree,  false  acacia, 

asp 

Spruce 

(picea  abies) 

Fir,  douglas  fir 

Pine 

(pinus  silvestris) 

European  larch,  black  pine 

Fig.  6:  Dominant  German  Species  and  Associated  or  Sub-Species 
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Fig.  9:  Distribution  of  the  Dominant  Species  for  the  Entire  FRG 
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l  5322  L  5324 


Fig.  10a:  Types  of  Bedrock  Within  the  Study  Area 


L  5322  L  5324 


Silty  Sand  (  SM  ; 

) 
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(Including  Silt 

I  Clayey 

and  Clayey 

j 

/  Silt 

Silt  alon  g  1 

and 

the  Ri ver  Reaches )  1 

1 

_ 1 _ 

Clay  (ML) 

Fig.  10b:  Surface  Soil  Types  Within  the  Study  Area 
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Distribution  of  Bedrock  Within  the  Management  Area 
of  the  Htinfeld  Forestry  Offcie 
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Conditions 


Condition 

Slope  (%) 

Condition 

flat 

0-3 

eutrophic 

slightly  inclined 

>3  -  9 

mesotrophic 

moderately  inclined 

>9  -  17 

oligotrophic 

considerably  inclined 

>17  -  36 

dystrophic 

steep 

>36  -  58 

precipitous 

>58-100 

extremely  precipitous 

>100 

Condition 

fresh 

extremely  fresh 
moderately  fresh 
moderately  dry 
wet 

alternating  wet 
extremely  wet 
percolating  wet 
dry 


Class 


Canopy  Closure 


Class 


Condition 

(%) 

densely  closed 

>100 

closed 

1  >90  - 

| 

100 

open 

>75  - 

90 

extremely  open 

>50  - 

70 

Fig.  17:  Forestry  Classification  of  Site  Conditions 


*)  Canopy  closure  was  derived  from  degree  of  stockinet  given  by  forestry 
inventory  data. 


V////K  Forested  Areas 


Location  of  Sites  Within  the  Lauterbach  Quad  L  5322 


Forested  Areas 


Fig.  19:  Location  of  Sites  Within  the  Hiinfeld  Quad  L  5324 
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Average  Stem  Diameter  D  tin] 

Comparison  of  Inventory  Data  and  Field  Data  to  Minimum 
Stem  Spacing-Average  Stem  Diameter  Stand  Table  Curves  for  Oak 
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Average  Stem  Diameter  D  tin] 

Minimum  Stem  Spac ina-Avoraae  Stem  Diameter  Stand  Table 
Curves  for  Coniferous  Species 


Prediction  by 


Dated  19^3 

Prediction  of  Site  Characteristics  by  Air  Photo  Evaluation  for  6  Compartments 
Within  the  Management  Area  of  the  Grebenau  Forestry  Office 


Prediction  by  Air  Fhoto 

Inventory  Data  0  January  1975)  Evaluation  +) 
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Table  1.1:  Statistical  Stand  Table  Data  for  Oak:  Average  Height  (ft) 


'^Locality  Class/ 
^\Method  of 

inning 

Age 

(years) 

*  ) 

I/h  ] 

* ) 

I/m 

*  \ 

II/h  } 

*  \ 

II/m  f 

*1 

1 1  I/h  ’ 

*\ 

III/m  ; 

*  1 

IV/m  ; 

20 

26.9 

25.6 

_ 

_ 

. 

mi 

_ 

25 

34.8 

32.8 

25.6 

23.6 

- 

- 

- 

30 

42.3 

41.3 

30.8 

29.5 

19.7 

18.7 

- 

35 

47.6 

46.3 

36 . 1 

35.1 

24.9 

23.3 

- 

40 

52.8 

51  .2 

41.0 

39.4 

30.2 

28.9 

17.1 

45 

57.1 

56 . 1 

45.6 

43.6 

34.4 

33.3 

20.7 

50 

61.0 

60.4 

49.7 

47.7 

38.7 

37.7 

24.3 

55 

64.6 

63.4 

53.5 

51  .8 

42.7 

41.3 

27.6 

60 

68.2 

67.2 

56.8 

55.4 

45.9 

44 . 9 

30.8 

65 

71  .2 

70-2 

59.7 

58.7 

49.2 

48.2 

34.1 

70 

74.  1 

73.2 

62.7 

61  .7 

51  .5 

50.8 

37.4 

75 

76.1 

75.8 

65.3 

64.3 

54.1 

53.5 

40.0 

80 

78.1 

78.1 

67.6 

66.6 

56.4 

55.4 

42.6 

85 

80.0 

80.4 

69.5 

68.9 

58.7 

57.4 

44.4 

90 

82.0 

82.0 

71  .5 

70.9 

60.7 

59.4 

47.2 

95 

84.0 

83.7 

73.5 

72.8 

62.7 

61.7 

49.5 

100 

85.6 

85.3 

75.5 

74.8 

64.6 

63.6 

51.5 

105 

87.6 

86.9 

77.4 

76.4 

66.3 

65.6 

53.5 

110 

89.2 

88.9 

78.7 

78.1 

68.2 

67.6 

55.4 

1  1  5 

91  .2 

90.5 

80.4 

79.7 

69.9 

69.5 

57.1 

120 

92.8 

92.2 

82.0 

81  .3 

71.5 

71  .5 

58.7 

125 

94.5 

93.8 

83.7 

83.0 

73.2 

73.2 

60.4 

1  30 

95.8 

95.5 

85.0 

84.6 

74.5 

74.4 

61.6 

135 

97.  1 

97.1 

86.3 

86.2 

75.8 

75.8 

62.4 

140 

98.7 

98.4 

87.9 

87.9 

76.8 

77.1 

64.3 

145 

100.1 

99.7 

89.2 

89.6 

77.8 

78.4 

65.0 

1  50 

101.7 

101.4 

90.6 

90.9 

78.7 

79.1 

65.6 

1  55 

103.3 

102.7 

91.9 

91.8 

79.7 

79.7 

65.9 

160 

104.7 

104.0 

93.2 

92.8 

80.7 

80.4 

66 . 3 

165 

103.6 

105.3 

94 . 2 

93.8 

71  .7 

81  .0 

- 

170 

107.6 

106.9 

95.1 

94.8 

82.3 

81.7 

- 

175 

108.9 

108.3 

96.1 

95.8 

83.0 

82.3 

- 

180 

109.9 

109.6 

97.1 

96.5 

83.7 

83.0 

- 

185 

110.9 

110.2 

97.8 

97.1 

84.3 

83.7 

- 

1  90 

111.5 

110.9 

98.4 

97.8 

85.0 

84.0 

- 

195 

112.2 

111.5 

99.1 

98.4 

85.6 

84.3 

- 

200 

112.9 

112.2 

99.7 

99.1 

86.0 

85.0 

*)  h  =  heavy  thinning 

m  =  moderate  thinning 
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Table  1.2:  Statistical  Stand  Table  Data  for  Oak:  Average  Stem 
Diameter  (in) 
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Table  1.3:  Statistical  Stand  Table  Data  for  Oak: 
Minimum  Stem  Spacing  (ft) 


\Ijocality  Class/ 
''\Method  of 
^\Thinninq 

Age  n. 

(years)  n. 

I/h 

I/m 

Ii/h 

Il/m 

Ill/h 

Ill/m 

IV/m 

20 

5.3 

3.5 

_ 

. 

_ 

. 

. 

25 

6.4 

5.1 

4.9 

3.8 

- 

- 

- 

30 

7.5 

6 . 7 

6.2 

5.6 

4.2 

3.2 

- 

35 

8.7 

7.9 

7.5 

6.8 

5.3 

3.4 

- 

40 

10.1 

9. 1 

8.8 

7.8 

6.5 

4.6 

3.1 

45 

11.4 

10.2 

10.1 

8.9 

7.8 

5.8 

3.8 

50 

12.7 

11.3 

11.3 

10.0 

9.1 

6.8 

4.5 

55 

14.0 

12.3 

12.5 

10.9 

10.0 

8.1 

5.2 

60 

15.2 

13.2 

13.8 

11.9 

11.6 

9.3 

5.9 

65 

16.5 

14.3 

15.0 

12.9 

12.9 

10.2 

6.7 

70 

17.8 

15.4 

16.2 

14.1 

14.3 

11.2 

7.5 

75 

19.1 

16.5 

17.5 

15.2 

15.5 

12.1 

8.3 

80 

20.4 

17.6 

18.7 

16.2 

16.9 

12.9 

9.1 

85 

21.6 

18.7 

19.9 

17.2 

18.0 

13.7 

9.9 

90 

22.9 

19.9 

21.1 

18.2 

19.2 

14.8 

16.5 

95 

24.2 

21.0 

22.3 

19.3 

20.5 

15.3 

11.2 

100 

25.4 

22.1 

23.5 

20.4 

21  .9 

16.2 

11.9 

105 

26.6 

23.3 

24.8 

21.5 

23.1 

17.0 

12.5 

110 

28.0 

24.5 

26.0 

22.6 

24.3 

17.8 

13.1 

1  1  5 

29.2 

25.7 

27.2 

23.7 

25.4 

18.6 

13.8 

120 

30.5 

26.8 

28.5 

24.7 

26.6 

19.6 

14.5 

125 

31  .7 

27.9 

29.7 

25.8 

27.8 

20.5 

15.1 

130 

32.9 

29.1 

30.9 

27.1 

28.9 

21.5 

15.7 

1  35 

34 . 2 

30.2 

32.2 

28.2 

30.0 

22.5 

16.4 

140 

35.4 

31.2 

33.3 

29.3 

31  .0 

23.5 

17.0 

145 

36.6 

32.4 

34.6 

30.5 

32.2 

24 . 5 

17.7 

150 

37.9 

33.5 

35.9 

31  .5 

33.3 

25.5 

18.3 

155 

39.5 

34.0 

37.1 

32.4 

34.4 

26.5 

19.0 

160 

40.5 

35.7 

38.3 

33.5 

35.5 

27.4 

19.6 

165 

41.7 

36.7 

39.5 

34.4 

36 .6 

28.5 

- 

1  70 

43.1 

37.4 

40.7 

35.4 

37.7 

29.5 

- 

175 

44.3 

38.9 

42.0 

36.4 

38.7 

30.6 

- 

180 

45.7 

40.0 

43.1 

37.3 

39.8 

31.6 

- 

185 

46.7 

41.0 

44.3 

38.3 

40.7 

32.7 

- 

190 

47.9 

42.0 

45.3 

39.1 

41.7 

33.6 

- 

195 

49.  1 

43.1 

46.4 

40.0 

43.0 

34.6 

- 

200 

50.0 

44 . 0 

47.5 

41.0 

44.0 

35.5 
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Table  2.1:  Statistical  Stand  Table  Data  for  Beech:  Average  Height  (ft) 
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Table  3.1:  Statistical  Stand  Table  Data  for  Pine:  Average  Height  (ft) 
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lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

□  0-3  ^3-8  □  9-13  014-30  □31-62  0  63-95  0  96-164 

□  >164 

lie. CANOPY  CLOSURE,  PERCENT 

□  <25  026-50  D  51-75  ^76-100 

remarks  Oils  (f ^  'ft?'1 _ 


Ilf.  FOR  ROW-PLANTED  TREES  (ONLY  1 


SAMPLE!  : ...... 

I  ir.hD 


Mean  Row  Spacing,  ft 
0  I _ 1  1  2  I  3 


1  STA 
ROW  l  FT 


Compass  |)|«*'»  tlon  Q 

Magnetic  A.1""'-!1  - 

7  I  B  |  ')  -  |  -IP- 


li  \  M  I  I  II  I  \  s  |  I  II  I  I  \  I  K  V  \  K  M  K  !  \  M  M  \  I  S 


( 


-  A  34 


I 


A 

i 

\ 


» i 


4 


i 

r 


SITE  NO: 


S" 


DATE: 


11.  GENERAL  FOREST  DESCRIPTION' 


n WSsIlock  13)  DCOWIEROUS 
APPROXIMATE  COMPOSITION 

Jg  DECIDUOUS  □  MIXED 

COMMON  NAME 

APPROX.  PERCENT  OF  NT' -MS 

i 

>2100 

□75-99  050-74  026-50  IJ  1  °- 

25  O<)0 

2 

□ 

□  □  □  13 

□ 

3 

_  □ 

a 

q 

□ 

a 

1 la. MANAGEMENT 

□  INDETERMINATE 

□  NATURAL  pgfJATURAL,  MANAGED 

□  THINN* 

□  SEEDED,  BROADCAST  nROW-PLANTED  Q 


116. GROWTH  STAGE 

□  INDETERMINATE  IMMATURE 

FOR  SEEDED/PLANTED  FOREST:  □  RECENTLY  REPLANTED  |  1  INTERMEDIATE 

FOR  NATURAL  FOREST:  □ EARLY  SECOND  GROWTH  □ADVANl'l  l»  SUCCESSIONAL 

GROWTH 

11c. GROUND  COVER:  f^GRASS  OVINES  □  BRUSH,  DECIDUOUS  IIJRRUSH,  CONIF. 

□  MIXED  _ 

PERCENT  COVER:  ^0  00-25  0  26-50  0  51-75  100 

GENERAL  HEIGHT:  FT.  _ 

lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

□  0-3  $3-8  Q9-13  014-30  Q31-62  063-95  P 96-364 

□  >164 

lie. CANOPY  CLOSURE,  PERCENT 

□  <25  P  26-50  O51-75  JJJ76-J.00 


11  f.  FOR  ROW-PLAIJTED  TREES  (ONLY  l 


rov; 


Mean 

Row  Spacing,  ft 

Compass  1)1 
Magnetic  A- 

o 

1 
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3 

U 

5 

6 

Km 

S 

STA 

FT 

B 

|| 

B 

■ 

i 

Hi 

■ 

HI 

B 

B 

1 

10 


11.  GENERAL  FOREST  DESCRIPTION' 

DN?GO°t|SBLOCK  13)  OCONFIEROUS  ^DECIDUOUS  PMIXEU 
APPROXIMATE  COMPOSITION 

APPROX.  PERCENT  OF  JiTIWS 


1 

2 


COMMON  NAME 


/Oyrck^- 


_Qioo 

-P 

1^5-99 

□ 

□50-74 

□ 

□26-50 

□ 

|J  10-25  D<10 

{#:  o 

.□ 

□ 

□ 

□ 

U  n 

D  NATURAL 

JjjJNATURAL,  MANAGI  U  □  THINN17 

□ROW-PLANTED 


11a. MANAGEMENT 

□  INDETERMINATE 

□  SEEDED,  BROADCAST 
1 16. GROWTH  STAGE 

D INDETERM INATE  Q  MATU  RE 

FOR  SEEDED/ PLANTED  FOREST:  DRECENTLY  REPLANTED  |  1  INTERMEDIATE 

FOR  NATURAL  FOREST:  WEARLY  SECOND  GROWTH  DADVANII  »  SUCCESSIONAL 

“  GROWTH 

11c. GROUND  COVER:  OGRASS  JjfVINES  Q BRUSH,  DECIDUOUS  PRRUSH,  CONIF. 

□  MIXED  _ 

PERCENT  COVER:  QO  U0-2S  026-50  [J  51-75 

GENERAL  HEIGHT:  FT.  '/£  / _  ' 

lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

j^O-3  03-8  09-13  □14-30  Q31-62  Q63-95  (396-164 

□  >164 

lie. CANOPY  CLOSURE,  PERCENT 

□  <25  P  26-50  [351-75  ££76-100 

R“RKS  "  "  -'oak  -  W? 

\1  /)  j7  V  J  t 


K 


1  AngAfow*  Kr7 


-  A  38 


SITE  NO: 


...  ~ W  *  H  ui 

DATE: 


"  g/r/21 


11.  GENERAL  FOREST  DESCRIPTION 

°N?GOr°^SBTLOCK  13)  ^ONFIEROUS  □  DECIDUOUS  DMIXEU 


APPROXIMATE  COMPOSITION 
COMMON  NAME 


1 

2 


S&Hcce_ 


APPROX.  PERCENT  OF  N'<I>1S 

_J^00  Q7S-99  DSO-74  D26-50  D,n-2S  O<)0 

no  no  n  D 


□ 


u 


11a. MANAGEMENT 

□  INDETERMINATE  D  NATURAL  ^NATURAL,  MANAGI.H  O  THINNED 

□  SEEDED,  BROADCAST  □ROW-PLANTED  ft  -  - 

1 IB. GROWTH  STAGE 

□  INDETERMINATE  □  MATURE 

FOR  SEEDED/PLANTED  FOREST:  DRECENTLY  REPLANTED  I  1  INTERMEDIATE 

FOR  NATURAL  FOREST:  DEARLY  SECOND  GROWTH  BjADVANI  I  D  SUCCESSIONAL 

^  GROWTH 

11c. GROUND  COVER:  □  GRASS  OVINES  OBRUSH,  DECIDUOUS  ^RRUSH,  CONIF. 

□  MIXED _ 

PERCENT  COVER:  OO  D0-2S  D26-S0  DS1-7S  )$/>'  100 


GENERAL  HEIGHT:  FT. 


lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

^JO-3  0  3-8  0  9-13  014-30  Q31-62  □  63-95  Q  96-164 

□  >164 

lie. CANOPY  CLOSURE,  PERCENT 


□  26-50 


□  51-75 


76-100 


yprttceo  frf/c*)  ^  7YL 


Ilf.  FOR  ROW-PLANTED  TREES  (ONLY! 


Mean 

0 

Row  Sp 
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acing, 

2 

,  ft  _ 
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It 

5 

6 

Coi 

Mn, 

7 

npass 

’netic 
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J  jBKD 
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B  AT  I  f  I  I  f  -  I  N  S  I  I  T  1 1  r  \.\  IRANKH'Rl  AM  MAIN 


'  A  39  -  AT  SHEET  5  of  15 
DATE: 


A  40 


11.  GENERAL  FOREST  DESCRIPTION' 

nN?GS°T^SBLOCK  13)  £C0NFIER0US  □  DECIDUOUS  PMIXEU 
APPROXIMATE  COMPOSITION 


COMMON  NAME  APPROX.  PERCENT  OF  N',,>,S 


11a. MANAGEMENT 

□  INDETERMINATE  D  NATURAL  ^JATURAL,  MANAGI  l»  D  THINNED 

□SEEDED,  BROADCAST  QRQW- PLANTED  1"^  -  - 

1 IB. GROWTH  STAGE 

□  INDETERMINATE  |g  MATURE 

FOR  SEEDED/PLANTED  FOREST:  □  RECENTLY  REPLANTED  | 1  INTERMEDIATE 

FOR  NATURAL  FOREST:  □  EARLY  SECOND  GROWTH  DADVANd '*  SUCCESSJONAL 

GROWTH 


11c. GROUND  COVER:  □  GRASS  DVINES  □  BRUSH,  DECIDUOUS  PHRUSH,  CONIF. 

□mixed 

PERCENT  COVER:  QO  QO-25  n26-50  QS1-7S  100 

GENERAL  HEIGHT:  FT.  _ /J_ _ 

lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

□  0-3  03-8  £^9-13  Q14-30  Q3I-62  O  63-9S  Q96-J64 

□  >164 

lie. CANOPY  CLOSURE,  PERCENT 

Q<25  Q  26-50  jg51-75  □76-100 


BATTfl  I  F  -  INSriTl  T  f.V.  I  RANK  fl  RT  AM  MAIN 


/Y  ' A  41  ' 

SITE  NO:  '  l _ 

12.  TREE  STEM  S IZE/SPAC IN'G  (Standing  Trees) 


AT  SHEET  5  of  15 
DATE: 


A/f/7* 


Stem 

Stem 

Diam 

Diair. 

Class 

in. 

1 

<1 

tem  1  51  u 

iair.,  j  CoruT 
in.  |  (C 


I ember  of  Stems _ 

ii'erous  Deciduous 

(C)  (D) 
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Sample  Cell]  <0  / 

*  D)  (  niam.  ft  1 QC0V 


*  1 

1.5 
2 

2.5 
3 

3.5 

~  V 
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6.5 

7  ~W 

7.5 

_ YY_ 
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Yf 


SITE  NO 
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11.  GENERAL  F&REST  DESCRIPTION 

DN?GOFOMSBTLOCK  13)  fcCONFIEROUS  □  DECIDUOUS  Q MIXED 


APPROXIMATE  COMPOSITION 
COMMON  NAME 


1 

2 


-P 


Ae 


APPROX.  PERCENT  OF  N'<I>IS 
JjflOO  075-99  QSO-74  026-50  Ul0“25  O<)0 

_p  □  no  f-i  ° 

□  d  □  U  n 


1 la. MANAGEMENT 

O INDETERMINATE  □  NATURAL  {^NATURAL,  MANACI  I*  O  THINNED 

QSEEJED,  BROADCAST  OROW-PLANTED  Q _ ___ _____ ____ 

1 16. GROWTH  STAGE 

O  INDETERMINATE  OMATURE 

FOR  SEEDED/PLANTED  FOREST:  ORECENTLY  REPLANTED  I  1  INTERMEDIATE 


FOR  NATURAL  FOREST:  &EARLY  SECOND  GROWTH  OADVANt  l  H  SUCCESSIONAL 

'  GROWTH 

11c. GROUND  COVER:  OGRASS  OVINES  OBRUSH,  DECIDUOUS  ^RUSH,  CONIF. 


O MIXED 


PERCENT  COVER:  QO  O0-2S  0  26-50  OS1-7S  ^£/(. -100 

GENERAL  HEIGHT:  FT.  // _ 


lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

□  0-3  tS£3-8  09-13  014-30  Q31-62  063-95  096-164 

□  >164 

Ale. CANOPY  CLOSURE,  PERCENT 

Q<25  0  26-50  0  51-75  ^J76-)00 


REMARKS 


Jk 


\jteb  ef  'Pitu.-n  (3  <r') 


^36' 


nr. 


ROW 

AMPLE 


FOR  ROW-PLAUTED  TREES  (ONLYi 


■ 

Mean  Row  Spacing 

ft 

Compass  miction  q 
Magnetic  A'"1"'-*1  _ 

0 

1 

2 

3 

1* 

5 

6 

7 

8 
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10 

STA 

FT 

jl-iKD 

B  A  r  T  F  I  I  (  -  |  \  S  r  I  T  l  ’  T  I .  V.  I  R  A  N  K  I  l '  R  T  A  M  MAIN 


SITE  NO: 


A  43 


AT  SHEET  5  of  15 
DATE:  _ 


U_ 

1 2  •  TREE  STEM  S IZZ /SPACING  (Standing  Trees ) 


Stem 

Stem 

Member  of 

Stc;s  1 

Diam 

Diam, 

Coniferous  j 

Deciduous  | 

■n 

Class 

in. 

(C)  j 

XSBBUHil 

■SRloll 

1 

<1 
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1 
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2 

1.5 

1 

2 

/JL  i 

2.5 

1 

3 

3 

fZ.  1 

3.5 

■1 

4 
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4 

4.5 

5 

rr 

5.5 

HI 

6 

j 

■ 

5 

6.5 

7 

V 

■HI 

7.5 

6 

8 

8.5 

9 

7 

9.5 

10-15 

8 

15.5-20 

20-30 

i 

30-40 

! 

|7c-50 

60-100 

100 

_ _ _ 

ESTIMATED  D1ST 

TO  NEXT  TREE  OF  LARGEST  SIZE 

ABOVE.  FT 

Dff.  -  y.j"  ssi,**-?' 


|{  \  |  II  |  |  i  I  \  s  !  I  It  |  I  \  I  K  \  \  K  !  1  K  I  \  M  M  \  I  S 


SITE  NO: 


/7 


-  A  44  - 


DATE:' . g/f/Ty 


11.  GENERAL  FOREST  DESCRIPTION 

°  W^JlOCK  !3)  jaCONFIEROUS  O  DECIDUOUS  □  MIXED 


APPROXIMATE  COMPOSITION 
COMMON  NAME 


APPROX.  PERCENT  OF  NT*>1S 


1 

_  *Hloo 

□75-99 

□50-74 

□26-50 

IJI0-2S 

□  <J0 

2 

t 

□ 

□ 

□ 

□ 

a 

o 

3 

_  □ 

□ 

.□ 

□ 

Li 

U 

11a. MANAGEMENT 

□  INDETERMINATE  □  NATURAL  ^NATURAL,  MAN  AG  I U  □  THINNED 

□  SEEDED,  BROADCAST  QROW-PLANTED  Q - -  -  ■  ■  . 

1 IB. GROWTH  STAGE 

□  INDETERMINATE  jjJJJ’lATURE 

FOR  SEEDED/ PLANTED  FOREST:  DRECENTLY  REPLANTED  |  .1  INTERMEDIATE 

FOR  NATURAL  FOREST:  □ EARLY  SECOND  GROWTH  □ADVANCl  I*  SUCCESS  TONAL 

GROWTH 

11c. GROUND  COVER:  OGRASS  □  VINES  OBRUSH,  DECIDUOUS  pRRUSH,  C.ONIF. 

□  mixed  l?£ujLberri'ec. _ 

PERCENT  COVER:  QO  O0-2S  O26-S0  OS1-7S  ^/c.  100 

GENERAL  HEIGHT:  FT.  /f _ 

lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

□  0-3  03-8  $£9-13  014-30  Q31-62  □63-9S  Q96-I64 

□  >164 

He. CANOPY  CLOSURE.  PERCENT 

□  <25  026-50  JS51-75  O76-)0f) 


Ilf.  FOR  ROW-PLAHTED  TREES  (ONLY). 


rov; 


Mean 
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-  A  46  - 


SITE  NO: 


old 


DATE: 


SJ  i.  4  4 


A/f/79 


11.  GENERAL  FbREST  DESCRIPTION 

DN?GO°MSBLOCK  13)  ^0*F1EROUS  O  DECIDUOUS  Q  MIXED 
APPROXIMATE  COMPOSITION 

COMMON  NAME  APPROX.  PERCENT  OP  NT* MS 


_^CLOO  D75-99  DSO-74  D26-S0  IJS  * 0-25  O<)0 

.P  □  □  □  13  D 


.□  □ 


D  O 


1 la. MANAGEMENT 


□  indeterminate  □  natural  Natural,  managi  i »  □  thinned 

□seeded,  broadcast  grow- planted  rr  _  . 

116. GROWTH  STAGE 

□indeterminate  ^mature 

FOR  SEEDED/ PLANTED  FOREST:  ^RECENTLY  REPLANTED  I  1  INTERMEDIATE 

FOR  NATURAL  FOREST:  □  EARLY  SECOND  GROWTH  DADVANI'I  »  SUCCESSIO.NAL 

GROWTH 

11c. GROUND  COVER:  □  GRASS  ^VINES  Q BRUSH,  DECIDUOUS  pRRUSH,  CONIF 

D  mixed  b/v&be+ries 

PERCENT  COVER:  QO  DO-25  0  26-50  Q51-75  ^-7(.  100 

GENERAL  HEIGHT:  FT.  /'* _ 

lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

□  0-3  J&3-8  09-13  014-30  Q31-62  063-95  Q96-J64 

D>164 

lie. CANOPY  CLOSURE,  PERCENT 

□  <25  026-50  ^51-75  □76-100 


11 f.  FOR  ROW-PLANTED  TREES  (ONLYi 


iSTA 
FT 

U’D 


Mean  Row  Spacing,  ft 
0  I  1  I  g  I  3 


Compass  n | .  .-.  Lion  Q 
Magnetic  A"'"1:*1  - 


H  M  I  I  II  I  •  I  \  s  1  I  I  I  I  IV  I  R  WKI  I  K  I  \  M  M  \  I  \ 


SI  Til  NO: 


AT  SHEET  5  of  15 


gj 


12  • 


c2ji 


A  47  - 


DATE: 


ESTIMATED  DIST  TO  NEXT  TREE  OF  LARGEST  SIZE  ABOVE,  FT 

Z>*  =  /s*  SS„=  /(,.?' 


if  \ !  1  I  I  I  I 


s  !  ;  i  [  i  I  \ 


!«\\kf'  l\  I  \  \1  \1  \  I  \ 
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SITE  NO: 


11.  GENERAL  FOREST  DESCRIPTION 

DN?GO°MSBLOCK  13)  t^OXFlEROUS  □  DECIDUOUS  Q  MIXED 
APPROXIMATE  COMPOSITION 


COMMON  NAME 

SPtM  C 


APPROX.  PERCENT  OF  >1S 
Jt^lOO  D75-99  DSO-74  D26-50  (J  1 0-25  O<)0 

.p  □  □  o  n  n 

□  D  D  1.1  D 


11a. MANAGEMENT 


□  INDETERMINATE  □  NATURAL  ^NATURAL,  MANAGI  I*  □  THINNED 

□  SEEDED,  BROADCAST  □ROW-PLANTED  Q 

1 IB. GROWTH  STAGE 

^INDETERMINATE  Q  MATURE 

FOR  SEEDED/PLANTED  FOREST:  ^RECENTLY  REPLANTED  ^INTERMEDIATE 

FOR  NATURAL  FOREST:  DEARLY  SECOND  GROWTH  DADVANI'I  '*  SUCCESSIONAL 

GROWTH 

11c. GROUND  COVER:  □  GRASS  QVINES  OBRUSH,  DECIDUOUS  f^USH,  CONIF 

□  MIXED  _ 

PERCENT  COVER:  DO  Q0-2S  D26-50  D51-7S 

GENERAL  HEIGHT:  FT.  '/ 2  / 

lid  CHARACTERISTIC  CANOPY  OR  SHRUB  HEIGHT,  FT 

□  0-3  l$J3-8  □  9-13  D14-30  □31-62  D63-9S  QD6-164 

□  >164 

lie. CANOPY  CLOSURE,  PERCENT 


11  \  1  I  I  i  I  I  I  N  •«  1  I  I  I  I  I  \  I  K  \  \  k  !  [  R  I  \  \|  M  \  |  \ 
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APPENDIX  L 


[  I  II  I  I  S  s  M 


Summary  of  Definitions 
of  Forestry  Terms 


Mil'.  I  K  A  \  k  I  I  K  I  A  \1  \t 


Locality  class 

Locality  classes  evaluate  the  general  growth  in  height  and  thick¬ 
ness  of  trees  and  range  from  class  I  (extremely  good  conditions) 
to  class  VI  (extremely  bad) . 

Thinning 

Thinning  fosters  growth  of  best  trees  (positive  selection)  or 
removes  ill  ones  (negative  -'.election)  in  order  to  control  volume 
yield  of  stands. 

Method  of  thinning 

Methods  of  thinning  are  split  into  moderate  and  heavy  thinning 
and  are  not  quantitatively  specified  within  forestry  guidelines. 
Application  depends  on  numerous  individual  site  factors.  Gener¬ 
ally,  heavy  thinning  raises  the  average  stem  diameter  for  all 
species  for  1  to  1.5  inches. 


Type  of  thinning 

Types  of  thinning  are  split  into  low,  high  and  plenter  thinning. 
Low  thinning  aims  at  a  single-storied  stand,  while  high  thinning 
aims  at  an  even-aged  multy-story  stand.  Plenter  thinning  results 
in  even-sized  and  even-height  stands. 

Average  tree  height 

Average  height  describes  the  height  to  top  of  trees  for  a  sample 
area . 

Dominant  height 

Dominant  height  or  top  height  describes  the  height  to  top  of 
trees  for  the  50  thickest  trees  of  a  sample  area.  It  applies  to 
such  speices  where  extreme  height  growth  variations  occur  (beech, 
japanese  larch,  douglas  fir,  sitka). 
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